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RESUME 


En  s'appuyant  sur  .les  probabilit£s  d 'extinction  du  rayonnement 
infrarouge  dans  1' atmosphere,  on  pr£sente  les  probabilit6s  de  distance 
de  detection  de  cibles  par  les  systSmes  passifs  de  surveillance  en 
infrarouge.  La  zone  glographique  d'int£r8t  est  l'Atlantique  nord. 

On  consid£re  ies  2  principales  fen&tres  atmosph£riques  dans  1' infra¬ 
rouge,  les  bandes  de  3  a  5  et  de  8  1  12  micrometres.  Les  r&sultats 
permettent  de  pr£dire  et  de  comparer  rapidement  la  performance  des 
systSmes  de  detection.  (NC) 


k  ABSTRACT 

Baa«d-«n  probabilities  of  extinction  of  infrared  radiation  in 
the  atmosphere,  range  probabilities  for  target  detection  by  passive 
infrared  surveillance  systems  are  presented.  The  geographic  area 
covered  is  the  North  Atlantic.  The  two  major  atmospheric  infrared 
windows,  the  3  to  5  and  the  8  to  12  micrometer  bands,  are  considered. 
The  results  allow  to  predict  and  compare  readily  the  pexformance  of 
detection  systems.  (U) ^ 
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1.0  INTRODUCTION 

A  previous  report  proposed  a  simple  model  for  the  extinction 
of  infrared  radiation  in  the  atmosphere  (Ref.  1) .  This  model  was 
used  in  Ref.  2  with  the  probability  data  of  the  pertinent  meteoro¬ 
logical  variables  as  derived  from  measurements  made  by  Ocean  Weather 
Ships  to  compute  probabilities  of  infrared  radiation  extinctions  in 
the  North  Atlantic. 

In  this  report,  these  extinction  probabilities  are  used  to 
compute  range  probabilities  for  detection/tracking  with  passive  systems 
in  both  major  atmospheric  IR  windows,  the  3.4  to  5.0  micrometer  and 
the  7.75  to  11.75  micrometer  bands,  hereafter  called  the  3  to  5  and 
the  8  to  12  micrometer  bands. 

This  work  was  performed  at  DREV  between  March  and  June  1981 
under  PCN  33H39  Electro-Optical  Fire-Control  Tracking  Study. 

2.0  MATHEMATICAL  FORMULATION 


The  signal  voltage  produced  by  a  passive  detection  system  can  be 
described  (Ref.  3)  as: 

a  x 

V  -  -4  /  J(X)  TJX)  T  (X)  R(X)  dx  [1] 

r  X1 

where  V  is  the  the  peak  signal  voltage  in  V, 

5  2 
A  is  the  area  of  the  entrance  aperture  of  the  optics  in  cm  , 

r  is  the  range  to  the  target  in  cm, 

J(X)  is  the  spectral  radiant  intensity  of  the  target  in  W  sr_1um-1, 
T  (X)  is  the  spectral  transmittance  of  the  path  (dimensionless) , 
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T  (X)  is  the  spectral  transmittance  of  the  system  (dimensionless) , 

0  -1  -1 
R(A)  is  the  spectral  responsivity  of  the  detector  in  V  W  ym 

Aj  and  A^  are  the  limits  of  the  spectral  interval  of  the  sensor 

in  pm. 


To  simplify  [1],  it  is  customary  to  conveit  the  wavelength- 
dependent  terms  into  their  integrated  values  over  the  bandpass  of  the 
sensor.  Effecting  this  and  dividing  both  sides  of  the  equation  by  V  , 
the  rms  noise  from  the  sensor  system,  one  obtains: 


[2] 


where  S  is  the  signal  to  noise  ratio. 


By  definition,  the  Noise  Equivalent  Irradiance  (NEI)  is  the 
irradiance  at  the  entrance  aperture  which  produces  a  peak  signal  equal 
to  the  rms  noise,  i.e.  S  =  1.  Since  the  second  bracketed  term  in  [2] 
is  the  irradiance  from  the  target,  then  for  S  =  1, 


NEI 


V 


n 


A  T  R 
o 


[3] 


and  [2]  can  be  written 


[4] 


in  which  NEI  is  the 
J  is  the 
S  is  the 


.  _2 

noise  equivalent  irradiance  of  the  system  xn  W  cm  , 
radiant  intensity  of  the  target  in  W  sr  *, 
required  signal  to  noise  ratio. 


UNCLASSIFIED 

3 


The  transmittance  of  the  path  from  the  target  to  the  sensor  has 
the  following  form: 


T 


a 


e'V 


[5] 


where  at>  the  total  extinction  coefficient  in  km  1,  is  the  sum  of  3 
components: 


°t  = 


a  +  a  + 
a  r 


m 


[6] 


in  which  ot  is  the  extinction  due  to  aerosols,  in  km 

a  _1 
a  is  the  extinction  due  to  rain,  in  km  , 
r 

a  is  the  extinction  due  to  molecular  absorption,  in  km 
m 


Both  a&  and  are  relatively  independent  of  X  and  their  average 
values  can  be  used  readily.  On  the  other  hand,  varies  rapidly  with 
X  and  the  use  of  a  single  average  value  would  introduce  appreciable 
errors  in  the  calculation  of  Ta  for  different  path  lengths.  Laflamme 
and  Corriveau  (Ref.  2)  computed  and  average  value  for  a m  at  a  fixed 
range  of  10  km  (aml0)  and  multiplied  it  by  a  function  of  range  (FR)  as 
a  range  correction  factor.  Thus 


\  '  FR  *  Vo 


m 


By  substituting  [5],  [6]  and  [7]  in  [4],  we  obtain 
J 


-(a  +  a  +  FR  *  a  )r 

e  v  a  r  nr 


S  •  NEI  x  10 


10 


1 


[8] 
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in  which  the  factor  lO10  has  been  introduced  to  express  the  range,  r, 
in  km  rather  than  in  cm.  The  next  equation  is  easily  derived  from  [8] 


K  =  log. 


/ _ j _ \ 

\S»NEI  x  IQ10  / 


(a  ♦  a  ♦  FR  x  a  )r  +  2  log  r  [9] 
^  a  r  m  e 


K  is  a  single  number  which  characterizes  the  engagement,  namely 
the  target  by  its  radiant  intensity,  J,  the  sensor  by  its  noise  equiva¬ 
lent  irradiance,  NEI,  and  by  the  signal  to  noise  ratio,  S,  required  to 
obtain  a  desired  false  alarm  rate. 


The  extinction  probabilities  computed  in  Ref.  2  were  used  to 
calculate  the  probabilities  of  detection  ranges  by  solving  [9]  for 
the  range,  r,  with  K  as  a  parameter.  The  results  can  thus  be  applied 
to  any  passive  system  whose  operatic. .  can  be  described  by  the  above 
equations. 


3 . 0  LIMITATIONS 


In  this  previous  discussion,  the  noise  has  been  taken  as  system 
noise  only  and  any  extraneous  noise  signal  generated  by  the  background 
(clutter)  has  been  neglected.  Supplementary  processing  performed  by 
the  sensor  system  for  the  extraction  of  the  target  signal  from  clutter 
could  possibly  be  assimilated  to  an  increase  in  the  signal  to  noise 
ratio,  S,  required  and/or  a  delay  in  the  target  declaration.  The  detec¬ 
tion  ranges  calculated  in  this  report  are  then  maximum  ranges,  as  ob¬ 
tained  against  a  clutter-free  background.  The  clutter-induced  reduc¬ 
tion  in  detection  ranges  cannot  be  evaluated  properly  at  this  time 
because  of  the  lack  of  statistical  data  on  the  clutter  intensity  and 
spatial  distributions.  Furthermore,  this  reduction  will  depend  on 
the  degree  of  sophistication  of  the  sensor  signal  processing  scheme. 
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A  further  restriction  is  that  the  model  used  provides  extinction 
coefficients  for  horizontal  paths  near  sea  level.  Since  the  extinction 
usually  decreases  with  altitude  while  the  signature  of  t.he  target  may 
become  stronger  due  to  an  improved  aspect  angle,  the  calculated 
detection  ranges  should  be  even  better  for  slant  paths.  On  the  other 
hand,  the  higher  the  target,  the  greater  are  the  chances  that  the  path 
between  sensor  and  target  will  go  through  clouds,  which  would  shorten 
ranges  considerably.  This  last  effect  has  not  been  evaluated,  again 
because  suitable  statistics  on  cloud  frequency,  type,  ceiling,  etc. 
are  not  available  presently. 

4.0  DETECTION  RANGE  PROBABILITIES 

The  extinction  probabilities  presented  in  Ref.  2  were  based 
on  the  measurements  of  meteorological  parameters  collected  by  Ocean 
Weather  Ships.  Table  I  lists  the  locations  of  the  ships  and  the 
period  of  observation  covered.  Each  location  is  identified  by  a 
letter  and  all  are  in  the  North  Atlantic,  except  for  N  and  P  which 
are  in  the  Pacific.  The  extinction  probabilities  were  used  with 
equation  [9]  to  compute  detection  range  probabilities  with  K  as 
a  parameter,  so  that  any  engagement  between  a  given  sensor  and  a 
given  target  can  be  studied  with  the  curves  presented. 

The  detection  range  probabilities  have  been  computed  for  both 
the  3  to  5  and  the  8  to  12  micrometer  bands  and  each  figure  presents 
2  sets  of  curves,  each  set  applicable  to  one  band  in  a  corresponding 
location  and  season. 
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TABLE  I 

Weather  Ship  Locations 

OWS  Ident  Period  of  Record  Position  Limits 


A 

1964  -  1971 

61.0-63.0 

N, 

31.0-35.0 

W 

B 

1965  -  1972 

55.5-57.5 

N, 

49.5-52.5 

W 

C 

1965  -  1972 

51.5-53.5 

N, 

34.0-37.0 

W 

D 

1965  -  1972 

43.0-45.0 

N, 

40.0-42.0 

K 

H 

1970-present 

35.0-37.0 

N, 

47.0-49.0 

W 

I 

1064  -  1971 

59.0-61.0 

N, 

18.0-21.0 

w 

J 

1964  -  1971 

52.3-54.3 

N, 

17.8-20.8 

w 

K 

1964  -  1971 

44.0-46.0 

N, 

15.0-17.0 

w 

M 

1964  -  1971 

65.0-67.0 

N, 

0.0  -  4.0 

E 

N 

1965  -  1972 

28.5-31.5 

N, 

138.0-142. 

.0  W 

P 

1965  -  1971 

48.5-51.5 

N, 

142.6-147. 

.6  W 

Figures  1  to  44  show  the  detection  range  probabilities  for  each 
of  the  11  locations  and  each  season.  Figures  45  to  55  refer  to  the 
same  locations  but  present  yearly  averages. 

The  locations  have  also  been  grouped  in  4  regions: 

-  locations  A,  B,  C,  I  and  M,  North  of  the  Gulf  Stream; 

-  locations  D,  H,  J  and  K,  in  the  Gulf  Stream; 

-  all  locations  above,  or  the  North  Atlantic; 

-  locations  N  and  P,  Pacific. 
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Figures  56  to  71  show  the  detection  range  probabilities  averaged 
for  each  region,  season  by  season,  while  figures  72  to  75  present 
regional  yearly  averages. 


Each  figure  is  properly  identified  and  should  be  relatively 

easy  to  use.  As  an  example,  for  a  surveillance  system  having  a  NEI  of 
-13  -2 

5  x  10  W  cm  working  against  a  target  with  a  radiant  intensity, 

2  -1 

J,  of  3  x  13  w  sr  and  requiring  a  signal  to  noise  ratio,  S,  of  7, 
the  value  of  K  would  be 


log. 


t- 


3  x  10 


x  5 


x  IQ'13  x  1010 


) 


9.06 


The  detection  range  probabilitiy  for  a  given  location  (or  region) 
and  season  can  then  be  read  directly  for  K  =  9  on  the  appropriate 
figure. 


5.0  CONCLUSION 


By  using  IR  radiation  probabilities  derived  from  meteorological 
measurements  made  by  weather  ships  in  the  North  Atlantic,  detection 
range  probabilities  have  been  computed  which  are  applicable  to  most 
passive  IR  systems  in  both  the  3  to  5  and  the  8  to  12  micrometer  bands. 

Although  the  accuracy  of  the  results  is  limited  by  some  factors 
such  as  the  adequacy  of  the  extinction  model,  the  presence  of  intervening 
clouds,  and  the  effect  of  background  clutter,  the  curves  presented 
readily  supply  reasonable  estimates  of  the  expected  performance  of 
IR  surveillance  systems  and  would  be  even  more  precise  as  a  tool 
to  establish  the  relative  merits  of  various  systems. 
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